BACKGROUND: Lowering hospital readmission rates has become a primary target for the Centers for Medicare & Medicaid Services, but studies of the relationship between adherence to the recommended hospital care processes and readmission rates have provided inconsistent and inconclusive results. OBJECTIVE: To examine the association between hospital performance on Medicare's Hospital Compare process quality measures and 30-day readmission rates for patients with acute myocardial infarction (AMI), heart failure and pneumonia, and for those undergoing major surgery.
INTRODUCTION
Hospital readmissions are common, potentially harmful for patients, and enormously costly to the US health care system. Within 30 days of discharge, as many as one in four patients will return to the hospital, [1] [2] [3] [4] [5] and it has been estimated that unplanned readmissions were responsible for $17.6 billion in Medicare spending in 2004. 5, 6 The large clinical impact, coupled with growing concerns about current levels of health care spending, has made reducing readmission rates a national priority and a central goal of health care reform legislation.
Existing literature on the association between hospital care processes and outcomes have provided inconsistent results. Earlier studies, 7, 8 as well as more recent singleinstitution analyses, 9, 10 have suggested that better quality of inpatient care is associated with a lower risk of readmission. Little is known, however, about whether greater adherence to the process of care quality measures reported on the Centers for Medicare & Medicaid Services (CMS) Hospital Compare website 11 is associated with lower readmission risk. While previous studies have observed only a weak association between performance on these process measures Electronic supplementary material The online version of this article (doi:10.1007/s11606-012-2229-8) contains supplementary material, which is available to authorized users. and 30-day mortality rates, [12] [13] [14] it is possible that these interventions have a greater effect on readmission than on mortality. These process measures focus on appropriate medications at the time of discharge, vaccination, and discharge instructions, and hospitals that are more successful at delivering such interventions might experience lower readmission rates.
We explored the relationship between hospital performance on Medicare's Hospital Compare process quality measures and risk-standardized all-cause 30-day readmission rates for patients aged 66 or older, with a principal discharge diagnosis of acute myocardial infarction (AMI), heart failure (HF), or pneumonia, or undergoing abdominal, cardiac and vascular, or orthopedic surgery.
METHODS

Design and Data Sources
We performed a cross-sectional analysis using discharge and quality of care assessment records that were submitted by hospitals that participated in the Hospital Inpatient Quality Reporting (IQR) Program 11, 15 from January 1 through December 1, 2007. We used the Quality Improvement Organization (QIO) Clinical Data Warehouse (CDW), which is an electronic database currently being used by CMS for the Hospital IQR Program, The Joint Commission, and the Hospital Quality Alliance (HQA) initiative. It contains patient-level data, including quality of care assessments using uniform instructions, principal and secondary diagnoses, procedures performed, discharge disposition status, the patient's ZIP code of residence, age, gender and reported race/ethnicity. 15, 16 Results from this database are made available to consumers on CMS' Hospital Compare website, aggregated at the hospital level. 11 The analysis was restricted to patients who were enrolled in fee-for-service Medicare, aged ≥ 66 years. Prior admissions and readmissions were assessed using the National Claims History (NCH) file. Characteristics of the participating hospitals, including the number of beds, teaching status, geographic region, and whether the hospital was located in an urban or rural area, were obtained from the CMS Online Survey, Certification and Reporting database (OSCAR) and from the CMS Historical Impact Files for fiscal year 2007. 17 
Study Population
Patients were included if they were 66 years or older, received a principal discharge diagnosis of AMI, HF, or pneumonia, or a principal procedure code indicative of abdominal surgery, cardiac and vascular surgery, or orthopedic surgery, and were discharged from an acute care hospital that reported data to the Hospital IQR Program in 2007 . Approximately 95 % of the acute care hospitals participated in the reporting program in 2007. 18 International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes were used in accordance with the Specifications Manual for National Hospital Quality Measures for 2007 hospital discharges 16 (Available online: Appendix 1).
Patients were excluded if they did not survive the index admission. Cases where it was not possible to create a link between the QIO CDW and NCH File were also excluded. Consistent with the approach used by CMS for hospital outcomes reporting, 19 patients transferred to another acute care hospital were assigned to the hospital that discharged the patient. Any admission within 30 days of discharge from an index admission was considered a readmission. 
Process of Care Quality Measures
Individual-level process of care quality measures in the QIO CDW database for 2007 included eight measures to assess the quality of care provided for patients with AMI, four measures for HF, seven measures for pneumonia, and nine measures related to CMS' Surgical Care Improvement Project (Table 1) .
Hospital Performance on Process of Care Measures
We computed two standard composite measures of hospital performance for each condition: the "Overall Measure" (OM), also known as the "Opportunity Model" score, and the "Appropriate Care Measure" (ACM), also known as the "All-or-None" score. To obtain the OM score, we first calculated the hospital performance rate for each measure as the proportion of patients who received a specific process of care out of all the patients who were eligible for such care, using patient-level data. As an example for eligibility, a patient with AMI is not considered eligible for smoking cessation counseling if he is a non-smoker. We then computed the OM score by adding up the number of care events that met the recommendations and dividing this sum by the number of opportunities to provide the recommended care. 20 With this approach to measurement, if a patient receives three of the four recommended care elements, the hospital gets credit for delivering 75 % of the elements. Using patient-level data again, the ACM score was calculated, as the proportion of patients who received all of the indicated processes of care for which they were eligible out of all the patients who were eligible for one or more of the indicated processes of care. 21 With this option for calculating performance no partial credit is given; the patient either receives all the care elements or does not.
For each composite measure, hospitals with fewer than 25 eligible patients in the denominator were excluded.
Outcome Measures
Each hospital's condition-specific 30-day risk standardized readmission rate was estimated from patient level-data, only for those individuals included in the process of care performance scores. We used the statistical modeling techniques employed by CMS for reported readmission rates on the Hospital Compare website. 19 Using hierarchical generalized linear models accounting for clustering of patients within hospitals, for each condition we modeled the patient's probability of readmission based on age, gender, race/ethnicity, the median income level in the patient's ZIP code of residence, comorbidities, discharge disposition, number of admissions in the prior year, and length of stay relative to the hospital median length of stay for that condition. From the models, the predicted readmission rate for each hospital and each condition was calculated as the rate of readmission that would be anticipated in the particular hospital, using the hospital random effect, given the patient case-mix. Then, the expected readmission rate was calculated as the rate of readmissions that would be expected if the same patient mix had been treated at the "average" hospital, using the average hospital effect. Finally, each hospital's condition-specific risk-standardized readmission rate was calculated as the ratio of the predicted to expected readmission rates standardized by the overall unadjusted mean readmission rate for all included cases. Bootstrapping methods were used to derive confidence intervals. Comorbidities were assessed using software made available by the Healthcare Cost and Utilization Project of the Agency for Healthcare Research and Quality. 22 This software, based on the work reported by Elixhauser et al., 23 assigns variables that identify comorbidities in hospital discharge records using the diagnosis coding of ICD-9-CM.
Analysis
We examined the association between hospital performance on the process of care measures and risk-standardized readmission rates via Spearman rank correlations. Additionally, we stratified hospitals into quartiles based on their performance scores for each of the conditions, and calculated the absolute difference in mean risk-standardized readmission rates of hospitals in the highest and lowest quartiles of performance.
We developed two multivariable linear models to evaluate the association of performance measure scores with risk-standardized readmission rates, with and without adjustment for the hospital characteristics (number of beds, teaching status, geographic region, and whether the hospital was located in an urban or rural area). We assessed the first model with the performance scores grouped in quartiles and the second model with the performance scores as a continuous variable. Separate models were developed for each medical and surgical condition.
For conditions that showed a significant correlation between the performance score and the readmission rate, we calculated the number of potentially avoidable readmissions/100,000 discharges if all patients would have been treated at hospitals with readmission rates at the mean level of the highest quartile of performance.
All analyses were conducted using SAS 9.2 (SAS Institute, North Carolina).
The study protocol and procedures were reviewed and approved by the Institutional Review Board at Baystate Medical Center. Prophylactic antibiotic received within 1 h prior to surgical incision SCIP-Inf2
Prophylactic antibiotic selection SCIP-Inf3
Prophylactic antibiotic discontinued within 24 h after surgery end time SCIP-Inf4
Cardiac surgery patients with controlled 6 AM postoperative glucose SCIP-Inf6
Patients with appropriate hair removal SCIP-Inf7
Colorectal surgery patients with immediate postoperative normothermia SCIP-VTE1
Recommended venous thromboembolism prophylaxis ordered SCIP-VTE2
Recommended venous thromboembolism prophylaxis ordered and prophylaxis received SCIP -Card2
Surgery patients on beta-blocker therapy prior to admission who received a beta-blocker during perioperative period
RESULTS
The number of hospitals included for each condition ranged from 972 for cardiac and vascular surgery to 2,940 for heart failure. The number of patients included in the analyses varied from 328,830 for pneumonia to 48,281 for abdominal surgery (Table 2) .
Hospital Process Measures Scores
Across the six conditions, the median OM score ranged from 79.4 % for abdominal surgery to 95.7 % for AMI, and the median ACM score ranged from 45.8 % for abdominal surgery to 87.9 % for AMI ( Table 2) . Individual item process compliance on the hospital performance measures ranged from as low as 67.4 % for recommended venous thromboembolism prophylaxis received within 24 h after abdominal surgery to 98 % for smoking cessation counseling.
Hospital-Level Risk-Standardized Readmission Rates
Median risk-standardized readmission rates ranged from 9.1 % for orthopedic surgery to 25.9 % for HF (Fig. 1) . Across the 10th to 90th percentiles, the readmission rate ranged from 24.3 to 27.6 % for HF; 20.7 to 24.1 % for AMI; 18.8 to 22.2 % for pneumonia; 13.7 to 15.2 % for abdominal surgery; 18.1 to 21.4 % for cardiac and vascular surgeries; and 6.9 to 12.7 % for orthopedic surgeries.
Relationship Between Process Measure Performance and Risk-Standardized Readmission Rates
Higher performance scores were significantly associated with lower readmission rates for pneumonia, AMI, and orthopedic surgery, but the R correlation coefficients were low, ranging from 0.06 to 0.10. There was no statistically significant correlation between process measures and hospital readmission rates for HF, abdominal surgery, or cardiac/vascular surgery (Table 3) .
There was little variation in risk-standardized readmission rates across the four quartiles of process measure performance score. The difference in mean risk-standardized readmission rates between hospitals in the 1st and 4th quartiles of process measure performance was statistically significant only for AMI and pneumonia; however, in these cases, the difference in readmission rates was small (0.3 percentage points) ( Table 4 and Fig. 2) .
In the sensitivity analyses, which modeled the risk standardized readmission rate adjusting for hospital characteristics and performance scores, the results did not change meaningfully (data not shown).
Multivariable models that included process measure compliance scores along with hospital characteristics explained only a small amount of the variation in risk-standardized, readmission rates. For example, for pneumonia, only 4.3 % of the total variation in hospital-level readmission rates was explained by the model, and the OM score alone accounted for only 0.64 % of the variation observed.
For conditions where higher performance was associated with lower readmission rates, the potential number of readmissions avoided per 100,000 discharges was 226 (95 % CI, 83-368) for pneumonia and 308 (95 % CI, 111-505) for AMI.
DISCUSSION
In this large study of approximately 2,700 US hospitals, we found little association between hospital performance on the process of care quality measures and hospital risk-standardized, 30-day all-cause readmission rates across a spectrum of medical and surgical conditions. Even when the associations were statistically significant, the differences in the readmission rates of high and low-performing hospitals were small. Moreover, our analysis showed that performance on process measures explained less than 1 % of the observed variation in risk-standardized readmission rates across hospitals. Based on these results, it does not appear that efforts to reduce readmission rates are likely to benefit from further focus on collecting and publicly reporting data on these process measures. 
IQR Interquartile range
How can we account for the weak associations observed in this study? One possibility is that these measures may have little impact on the risk of readmission. For example, antibiotic discontinuation after 24 h among patients undergoing surgery was intended to prevent unnecessary antibiotic therapy, and as such is unlikely to affect 30-day readmission, except through decreasing the risk of C difficile colitis. Also, the benefit of smoking cessation counseling is achieved over the long-term. In contrast to existing process measures, initiatives such as improving the quality of care coordination at the time of discharge, early follow-up with one's primary care physician, and patient adherence to prescribed medication regimens have demonstrated to reduce readmission rates. [24] [25] [26] [27] [28] [29] [30] Second, even if some of the processes measures do play a role in determining the risk of readmission, the way they are defined may make them insensitive to subtle differences in the quality of the process they are attempting to measure. For example, documentation in the chart that discharge instructions were provided to patients does not accurately reflect the intensity of the intervention. Further, the number of care processes reflected by current measures represents just a fraction of the entire spectrum of care provided to patients during hospitalization. Finally, there was relatively little variation across hospitals in some of the processes of care, thereby reducing the range of performance that could be sufficiently examined.
Given our results, some will inevitably question the appropriateness of continuing to promote these process measures as tools for consumers to identify highperforming hospitals, or for pay-for-performance programs. However, in the face of limited evidence about effective treatment strategies for most acute care conditions, it is important to recognize the generally strong evidence for most of CMS' reported hospital quality of care measures. For example, there is little controversy that patients with AMI should receive beta blockers at discharge, 31 or that all eligible patients with HF should receive an angiotensin-converting enzyme inhibitor. 32, 33 Furthermore, although performance on the measures may not predict hospital-level outcomes, the Hospital Inpatient Quality Reporting program has stimulated measurement and reporting activities that are now routine in the majority of hospitals. 34, 35 While there are many enhancements that can be made to the selected processes of care measured, the measures publicly reported on Hospital Compare should be viewed as providing information complementary to that provided by outcome measures such as readmission rates, and should be reported together as both reflect quality of care. 34 The results of this study extend the findings of previous research, which found that Hospital Compare performance measures had a modest association with allcause mortality. For example, in a study of Medicare patients admitted at 3,657 acute care hospitals, Werner and colleagues 12 found that differences in performance on the process measures explained little of the variation in riskstandardized mortality for AMI or pneumonia. The existing research on the association between process measures and readmission rates has provided inconsistent results. A small cohort study showed that adherence to a composite process of care measurements was related to a reduction in all-cause readmission in patients with HF. 8 A more recent single center study found that adherence to recommended AMI and pneumonia care processes was associated with improved long-term outcomes, whereas the results for HF measures were inconsistent. 9 Our results confirm and build upon the findings from another study that found no association between discharge instructions and readmission rates in patients with HF. 36 A significant methodological strength of our study is that we relied on patient-level data and hospital readmission rates were estimated for those individuals included in the process of care performance scores. Several of the earlier studies assessed the association between hospitals performance and readmission rates based on the results reported on Hospital Compare; because they used performance on the process of care measures assessed at the hospital level, the estimated readmission and mortality rates did not exclude patients who were considered ineligible for the recommended interventions. Another important strength of our study is that in 2007, nearly 95 % of acute care hospitals participated successfully in the reporting program, demonstrating that our results can be generalized. 18 Our study has several limitations. First, we analyzed patients enrolled in traditional fee-for-service Medicare and the results may not be generalizable to other patient populations, particularly to younger patients. Second, our approach to risk adjustment relied on administrative claims, and may have failed to account for important unmeasured factors, resulting in residual confounding. However, these methods have been found to achieve similar results to those obtained by chart review. 37, 38 Third, there are important limitations to some of the process measures we relied upon. For example, while providing a prescription for a beta blocker at the time of discharge to a patient with AMI represents good care, it does not ensure medication adherence after the patient returns home. Additionally, a large proportion of patients are not included in the publicly reported process of care measures data. The exclusion rates vary by measure, and the reported rates of performance on Hospital Compare only reflect care that was given to patients who were 39, 40 Patients excluded from the measures might have higher rates of adverse outcomes. 41 More detailed information on the portion and characteristics of included patients should be reported for currently reported process measures. Finally, our findings are valid only over the 2007 study period and our data predates the public reporting of readmission rates. As hospital performance on the process measures improves and hospitals focus on reducing readmission rates, more recent data could produce different results than those reported in this study. 
CONCLUSION
Hospitals that achieved greater adherence to recommended care processes did not achieve meaningfully lower 30-day risk-standardized hospital readmission rates compared to those with lower levels of performance. Based on these results, it does not appear that efforts to reduce readmission rates are likely to benefit from further focus on collecting and publicly reporting data on these process measures.
